Uncertainties in discharge determination may have serious consequences for hydrological modelling and resulting discharge predictions used for flood forecasting, climate change impact assessment and reservoir operation. The aim of this study is to quantify the effect of discharge errors on parameters and performance of a conceptual hydrological model for discharge prediction applied to two catchments. Six error sources in discharge determination are considered: random measurement errors without autocorrelation; random measurement errors with autocorrelation; systematic relative measurement errors; systematic absolute measurement errors; hysteresis in the discharge- 
INTRODUCTION
Hydrological models usually are calibrated using discharge time series observed at one or a few locations in a river basin and using time series of observed precipitation and Das , respectively). However, the effect of errors in discharge determination on model parameters and model performance has been less often studied. The discharge is usually estimated by measuring river stages and converting these to river discharge using a rating curve. Errors in river stage measurements and the rating curve will result in errors in discharge determination. Uncertainties in rating curves have been investigated in many studies, already summarised in a review by Pelletier () Effects of errors in discharge determination on hydrological models have been assessed in a few studies.
Montanari () quantified the different sources of uncertainty and propagated them through the river discharge estimation procedure to obtain the uncertainty in estimated discharge. A simulation study with synthetic data was then performed to assess the impact of these uncertain discharges on the parameters and performance of the model. The paper is organised as follows. First, the study area and data are described. Next, the methodology is presented including the hydrological model to simulate river discharge, the calibration procedure, the errors in discharge time series and the implementation of error sources in adapted discharge time series. Then, the results are presented and discussed and finally conclusions are drawn.
STUDY AREA AND DATA
The Meuse basin is located in France, Belgium, Germany, Luxembourg and the Netherlands. In this study, two catchments in the Meuse basin are considered: the Ourthe Instead of using the Downhill Simplex method, which is used in the SCE-UA algorithm, an evolutionary Markov
Chain Monte Carlo (MCMC) sampler is used. This means that a controlled random search is used to find the optimal set of parameter values in the parameter space. The choice for the SCEM-UA method is based on the fact that it is an automatic global search method which converges relatively fast to the optimal parameter set. An advantage of this algorithm is that the chance of finding the global optimum is very high. First, a calibration is performed with eight HBV parameters (see Table 1 
where NS is the Nash-Sutcliffe coefficient (Nash & Sutcliffe takes place at a certain location, the water level will be higher for a certain discharge compared to the water level before sedimentation.
Error sources in adapted discharge time series
In reality, combinations of errors occur in discharge determination. Here, six individual error sources in discharge determination are considered as shown in Table 2 . 
where Q a is the adapted discharge, Q o is the original discharge, t is the time step, ε is the noise term, δ is a randomly time-varying scaling factor, α is an autocorrelation coefficient and Δt is the temporal resolution (1 day). 3, 4, 5, 6, 7.5, 10, 12.5, 15, 17.5, 20, 22.5 and 25%) and by adding a constant absolute value to the original time series (20 scenarios: ±5, 10, 15, 20, 25, 30, 35, 40, 45 and 50% of the average discharge).
Errors in the rating curve due to the properties of high water events are included by adapting the original time series depending on the shape of the high water event. An overestimation of the discharge is simulated if a gradually increasing wave is present, i.e., if the discharge is above the threshold of a high water level (450 and 280% of the average discharge for the Ourthe and Chiers, respectively) and if the increase or decrease of the water level is smaller than the maximum gradient of the gradually increasing wave (two scenarios for both catchments:
about 20 and 40% of the average discharge per day). An underestimation of the discharge is simulated if there is a high peak with a large increase, i.e., if the discharge is higher than the threshold of the peak of the wave (900 and 560% of the average discharge for the Ourthe and Chiers, respectively) and the gradient is larger than the minimal gradient of the steep wave (two scenarios for both catchments: about 60 and 80% of the average discharge per day). Two scenarios for the simulation of Effects of an outdated rating curve are simulated by adding a gradually increasing systematic error to the original time series. The magnitude of this systematic error starts to increase just after a revision of the rating curve and reaches its maximum just before a new revision. The systematic errors are assumed to be absolute deviations from the original values, because it is assumed that the expiration of the rating curve is caused by changes in the cross section. Furthermore, it is assumed that the systematic errors are positive or negative for a particular run and that the rating curve is revised every 5 years (see Jansen ). Twenty maximum systematic errors are randomly drawn from a uniform distribution between 0 and 60% of the average discharge or 0 and À60% of the average discharge. An Figure 2 .
Quality of adapted discharge time series
The quality of the adapted discharge time series is assessed using two quality functions. These functions can be used to compare the quality of the discharge series with the objec- 
where Q a is the adapted discharge, Q o is the original discharge, t is the time step and N is the total number of time steps. The second function looks at the difference in the water balance between the original and adapted discharge series and is called BALANCE. It has an optimal value of 0
The QOD and BALANCE functions are based on similar quality functions for rainfall time series (GORE and BALANCE) introduced by Andréassian et al. () .
RESULTS AND DISCUSSION
Model performance and parameters for original discharge time series Model performance for adapted discharge time series The effects of errors do not vary much between the two catchments with different geographical characteristics. The initial model performance for both catchments, i.e., the model performance using the original discharge series for calibration, has some influence on the relations between errors and discharge quality functions. The relations for the Ourthe, with a higher initial model performance, are generally more pronounced and show less uncertainty due to calibration than the relations for the Chiers. In this study, one conceptual hydrological model has been used.
However, we think that the effects of discharge errors on model performance will be similar for other conceptual hydrological models, i.e., the relatively large influence of systematic errors in the discharge determination on the model performance compared to random errors and errors affecting only a small part of the hydrograph (e.g., discharge 
